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,QWURGXFWLRQ
(GXFDWLRQLVDYHU\LPSRUWDQWLVVXHUHJDUGLQJWKHGHYHORSPHQWRIDFRXQWU\>@7KHPDLQREMHFWLYHRIKLJKHU
HGXFDWLRQ LQVWLWXWLRQV LV WR SUHVHQW TXDOLW\ HGXFDWLRQ WR LWV VWXGHQWV 2QH ZD\ WR DFFRPSOLVK WKH KLJKHU OHYHO RI
TXDOLW\LQKLJKHUHGXFDWLRQVFKHPHLVE\SUHGLFWLQJVWXGHQW¶VDFDGHPLFSHUIRUPDQFHDQGWKHUHE\WDNLQJHDUO\DFWLRQV
WRLPSURYHVWXGHQW¶VSHUIRUPDQFHDQGWHDFKLQJTXDOLW\7KHUHOHYDQWNQRZOHGJHLVKLGGHQZLWKWKHHGXFDWLRQDOGDWD
VHWDQGLWLVH[WUDFWDEOHGXULQJGDWDPLQLQJWHFKQLTXHV7KHSUHVHQWSDSHULVSODQQHGWRYDOLGDWHWKHFDSDELOLWLHVRI
GDWD PLQLQJ WHFKQLTXHV LQ WKH EDFNJURXQG RI KLJKHU HGXFDWLRQ E\ RIIHULQJ D GDWD PLQLQJ PRGHO ,Q WKLV ZRUN
FODVVLILFDWLRQWDVNLVXVHGWRHYDOXDWHVWXGHQW¶VSHUIRUPDQFH>@&RQVWDQWHYDOXDWLRQVRIVWXGHQW¶VSHUIRUPDQFHKDYH
WREHGRQHIRUHDFKVXEMHFW6RWKDWWKHH[DFWDUHDWKHVWXGHQWORVHKLVKHUPDUNVFDQEHLGHQWLILHG7KDWKHOSVWKH
OHFWXUHUWRWDNHQHFHVVDU\DFWLRQVOLNHPRUHDWWHQWLRQWRWKHVWXGHQWIRUWKDWSDUWLFXODUVXEMHFWWHDFKLQJLQDGLIIHUHQW
ZD\ WKDW KHVKH FDQJUDVS TXLFNO\ FRQGXFWLQJ H[DPV HWF )LQDOO\ WKDW LPSURYHV VWXGHQW¶V FDOLEUH DQG DFDGHPLF
VWDWXV7KHDSSOLFDWLRQRI'DWD0LQLQJLQWKH(GXFDWLRQDOIUDPHZRUNLVUHIHUUHGDV(GXFDWLRQDO'DWD0LQLQJ('0
7KHDSSOLDQFHRIDQDO\WLFVLQWKHHGXFDWLRQDOEDFNJURXQGKDVLQFUHDVHGLQWKHODVWGHFDGH)HUJXVRQSUHVHQWVLQ
>@WKUHHGULYHUVIRUWKLVWRDULVHSULPDULO\ WKHYROXPHRIGDWDWKDWDUHFRPSRVHGRIHGXFDWLRQDOLQVWLWXWLRQVKDYH
VHULRXVO\ LPSURYHG VHFRQGDU\ GULYHU LV WKH XVH RI HOHDUQLQJ LW KDV KHOSHG WR FROOHFW GDWD VWLOO EURXJKW VRPH
OHDUQLQJ LVVXHV VXFK DV SRVVLEOH ODFN RI PRWLYDWLRQ DQG GLIILFXOWLHV IRU WKH HGXFDWRUV WR FROOHFW GLUHFW IHHGEDFN
UHJDUGLQJ WKHPRRG OHYHO RI LQWHUHVW RU HYHQ WKH XQGHUVWDQGLQJ RI WKH VWXGHQWV DIWHU DOO WKH SROLWLFDO FRQFHUQV
FRXQWULHV DUH JHWWLQJ D VXSHULRU XQGHUVWDQGLQJ RI WKH VLJQLILFDQFH RI KLJKHU HGXFDWLRQ LQ WKHLU GHYHORSPHQW DQG
JRYHUQPHQW KDYH DQ DWWHQWLRQ LQ LPSURYLQJ LW WR SURSRVH HQKDQFHG OHDUQLQJ RSSRUWXQLWLHV WKDW GLUHFW WR EHWWHU
DFDGHPLFUHVXOWV
,Q WKLVZRUN WZR GDWDPLQLQJ DSSURDFKHV DUH SURSRVHG WR SUHGLFW VWXGHQW¶V SHUIRUPDQFH 3UHGLFWLRQ LV GRQH
XVLQJ WZR DOJRULWKPV 'HFLVLRQ 7UHH '7 DQG )X]]\ *HQHWLF $OJRULWKP )*$ 3UHGLFWLRQ LV FDUULHG RXW ZLWK
DFDGHPLFUHFRUGVDORQJZLWKLQLWLDODFDGHPLFLQIRUPDWLRQ
7KH UHVW RI WKH WH[W LV RUGHUHG DV IROORZV VHFWLRQ ,, SUHVHQW EDFNJURXQG VWXG\ DQG UHODWHGZRUN VHFWLRQ ,,,
SUHVHQWWKHGDWDVHWVDQGSUHSDUDWLRQWKHSURSRVHGGDWDPLQLQJPRGHOLVSUHVHQWHGLQVHFWLRQ,9VHFWLRQ9GHVFULEH
WKHH[SHULPHQWDOVHWXSUHVXOWVDQGDQDO\VLVDUHSUHVHQWHGLQVHFWLRQ9,ILQDOO\WKHFRQFOXVLRQV
%DFNJURXQG6WXG\DQG5HODWHG:RUN
7KH VWXG\ LQ >@ LGHQWLILHV WKDW%D\HV FODVVLILHU SHUIRUPDQFH UHVXOWZDV GHFUHDVHGE\ DGGLQJPRUH DFDGHPLF
UHFRUGV7KLVPD\EHFDXVHGE\WKHDVVXPSWLRQRILQGHSHQGHQFHUHTXLUHGE\WKHDOJRULWKP)RUJHWWLQJDFFXUDF\LQ
SUHGLFWLRQVHOHFWHGDWWULEXWHVVKRXOGEHUHOHYDQWDQGQRLVHIUHH%\DGGLQJPRUHUHOHYDQWDWWULEXWHVWKHDFFXUDF\FDQ
EHLQFUHDVHG5HODWHGVWXGLHVDUH
2.1. Classification Methods 
,QDFODVVLILFDWLRQWDVNWKHREMHFWLYHLVWRDVVLJQDSUHGHILQHGODEHORUFODVVWRDUHFRUGEDVHGRQDVHWRINQRZQ
DWWULEXWHV$Q LPSRUWDQW IHDWXUHRI D FODVVLILFDWLRQPRGHO LV WKDW LW LVEXLOW E\SDUWRI WKHGDWD DOVRNQRZQDV WKH
WUDLQLQJVHWZKLFK LVXVHG WR WUDLQ WKHPRGHO$OO WKHDWWULEXWHV LQ WKHVXEVHWDUHNQRZQHYHQ WKHFODVV$IWHU WKH
PRGHOLVEXLOWLWLVXVHGWRDVVLJQWKHODEHOWRQHZUHFRUGVZKHUHWKHFODVVDWWULEXWHLVXQNQRZQ7REXLOGWKHPRGHOV
WZRWHFKQLTXHVDUHXVHG'7DQG)*$
$'7LVDUHSUHVHQWDWLRQPDGHRIQRGHVDQGDUFVZKHUHDQLQWHUQDOQRGHSUHVHQWDGHFLVLRQEDVHGRQDWWULEXWH
YDOXHVDQGWKHDUFVVWDQGIRUWKHRSWLRQPDGHLQWKHQRGH,WHQGVRQDOHDIQRGHZKLFKUHSUHVHQWVWKHODEHORUWKH
FODVVWREHDVVLJQHG7RFDWHJRUL]HDUHFRUGZLWK'7LWVWDUWVIURPWKHURRWQRGHDQGJRHVRQHOHYHOGRZQDWDWLPH
WKDWGHSHQGVRQWKHUHVXOWVRIWKHFRQGLWLRQWHVWHGRQHYHU\QRGHZKHQLWHQGVRQDOHDIQRGHWKHUHFRUGLVFODVVLILHG
DFFRUGLQJWRWKHODEHORQWKHOHDIQRGH7KHNQRZOHGJHUHSUHVHQWHGE\'7EHH[WUDFWHGDQGSUHVHQWHGLQWKHIRUPRI
,)7+(1UXOHV>@
)X]]\/RJLF )/DGGUHVVHVDSSOLFDWLRQV WKDW UHVHPEOHKXPDQGHFLVLRQPDNLQJZLWKDVNLOO WRJHQHUDWHH[DFW
VROXWLRQV IURP FHUWDLQ RU DSSUR[LPDWH LQIRUPDWLRQ 7KH XVH RI )/ EDVHG WHFKQLTXHV LV IRU HLWKHU LPSURYLQJ*$
EHKDYLRXURUPRGHOOLQJ*$FRPSRQHQWVWKHUHVXOWVREWDLQHGKDYHEHHQFDOOHG)*$$IX]]\ILWQHVVILQGLQJ)))
PHFKDQLVPJXLGHVWKH*$WKURXJKVHDUFKVSDFHE\FRPELQLQJYDULRXVFULWHULDIHDWXUHVWKDWKDYHEHHQLGHQWLILHGDV
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JRYHUQLQJIDFWRUVIRUWKHIRUPDWLRQRIWKHFOXVWHUV
2.2. Prediction of Academic Performance 
$FDGHPLFUHFRUGVDQG LQLWLDODFDGHPLFLQIRUPDWLRQ¶VDUHXVHGIRUSUHGLFWLRQ>@,QLWLDODFDGHPLFLQIRUPDWLRQ
LQFOXGHV WHQWK WZHOIWK HQWUDQFH H[DPLQDWLRQPDUNV DQG GHJUHH DQG HQWUDQFHPDUNV IRUPDVWHU GHJUHH VWXGHQWV
:HLJKWDJH LV JLYHQ IRU HDFK SDUDPHWHU LQ WKUHH FDWHJRULHV OLNH HLJKW IRUPDUNV  DQG DERYH ILYH IRUPDUNV LQ
EHWZHHQ DQG  IRUPDUNV DQGEHORZ7KH WRWDORIZHLJKW LV FDOFXODWHG DQG WHUPHGDV DGPLVVLRQ VFRUH
$FDGHPLFUHFRUGVLQFOXGHDWWHQGDQFH WZRVHVVLRQDOPDUNVDVVLJQPHQWPDUNVDQGLQWHUQDOPDUNV,QWHUQDOPDUND
FRPELQDWLRQ RI DYHUDJH PDUNV REWDLQHG IURP WZR VHVVLRQDO H[DPV DVVLJQPHQW PDUNV DQG DWWHQGDQFH )URP
SUHGLFWLRQVWXGHQWVDWULVNDQGQRWDVLQ>@WRSDVVDVXEMHFWDUHLGHQWLILHG7KHUHVXOWVZLOODVVLVWWKHHGXFDWLRQDO
LQVWLWXWLRQVWRLPSURYHWKHH[FHOOHQFHRIWHDFKLQJDIWHUHYDOXDWLQJWKHPDUNVVFRUHGE\WKHVWXGHQWVLQDQDFDGHPLF
\HDU6WXGHQW¶VH[SHUWDUHDFDQEHDGGHGE\OHFWXUHUVKHOSVFRPSDQLHVIRUUHFUXLWPHQW
'DWD6HWDQG3UHSDUDWLRQ
'DWD VHW LV WKHZKROH GDWD XVHG IRUPLQLQJ5HOHYDQW GDWD IRU SUHGLFWLRQ LV FROOHFWHG WKURXJK VFKHGXOHV OLNH
DGPLVVLRQ WLPHGDLO\DWWHQGDQFHDVVLJQPHQWVXEPLVVLRQ WLPHH[DPLQDWLRQFRQGXFWLQJE\D OHFWXUHUDWVFKHGXOHG
WLPH +HUH LW LQFOXGHV  DQG  VWXGHQWV IURP EDFKHORU DQGPDVWHU GHJUHH SURJUDP UHVSHFWLYHO\ $PRQJ 
VWXGHQWVLWLQFOXGHVWZREDWFKHVRIVWXGHQWVIURPGHJUHHFRPSXWHUVFLHQFHGHSDUWPHQWDQGDQRWKHUWZREDWFKHVRI
 VWXGHQWV IURP GHJUHH HOHFWURQLFV DQG FRPPXQLFDWLRQ GHSDUWPHQW /LNHZLVH WZR EDWFKHV RI  VWXGHQWV IURP
PDVWHU¶VFRPSXWHUVFLHQFHDQGWZREDWFKHVRIVWXGHQWVIURPPDVWHU¶VHOHFWURQLFVDQGFRPPXQLFDWLRQGHSDUWPHQW
DUHWKHRWKHUGDWDVHW7KHGDWDVHWXVHGIRUOHDUQLQJLVFDOOHGWUDLQLQJVHWDQGGDWDVHWXVHGIRUWHVWLQJLVFDOOHGWKHWHVW
VHW6WUDWLILHGVDPSOLQJLVXVHGWRJHWWKHWUDLQLQJVHWDQGWKHUHPDLQLQJLVXVHGIRUWHVWLQJ
)RUPLQLQJSXUSRVHWKHUHOHYDQWDWWULEXWHVDVLQ>@DUHDGPLVVLRQVFRUHDYHUDJHIRUWZRVHVVLRQDOPDUNVDQG
LQWHUQDOPDUNV3UHGLFWLRQLVQRWSRVVLEOHLIVWXGHQWGHWDLOVDUHQRWHQWHUHGRUQRWYDOLG)ROORZLQJWDEOHVVKRZVWKH
GDWDVHWIRUSUHGLFWLQJILUVW\HDUPDWKHPDWLFVUHVXOWIRUHDFKVWXGHQWVIURPFRPSXWHUVFLHQFHGHSDUWPHQW
7DEOH'DWDVHWIRU0DWKHPDWLFVUHVXOWSUHGLFWLRQ
5ROO1R ,QWHUQDO 6HVVLRQDO $GP6FRUH
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
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   
   
   
   
   
   
   
   
   
   
   
   
   
   


)ROORZLQJ WDEOHV VKRZV WKH GDWD VHW IRU SUHGLFWLQJ VHFRQG\HDU ELJ GDWD UHVXOW IRU HDFK  VWXGHQWV LQ
FRPSXWHUVFLHQFHPDVWHUGHJUHH
7DEOH'DWDVHWIRU%LJGDWDUHVXOWSUHGLFWLRQ

5ROO1R ,QWHUQDO 6HVVLRQDO $GP6FRUH
   
   
   
   
   
   
   
   
   
   
   
   

3URSRVHG'DWD0LQLQJ0RGHO
7KLV VHFWLRQ LQWURGXFHV WKH VWXGHQW FODVVLILFDWLRQ PRGHOV WR SUHGLFW WKH VWXGHQW SHUIRUPDQFH GXH WR ORZ
DFDGHPLFSHUIRUPDQFHWKDWXVHVWKHVWXGHQW¶VLQLWLDODFDGHPLFLQIRUPDWLRQDOOJDWKHUHGLQWKHDGPLVVLRQSURFHVV
DQGWKHDFDGHPLFUHFRUGVRIFXUUHQWDFDGHPLFSHULRGV7KHSURSRVHGPRGHOLVVHHQLQ)LJXUH

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
)LJ3URSRVHG'DWD0LQLQJ0RGHO

([SHULPHQWDO6HWXS
'7DQG)*$DUHXVHGIRULPSOHPHQWDWLRQ7KHDWWULEXWHVHWXVHGIRUERWKDOJRULWKPVDUHVDPHLQWHUQDOPDUNV
VHVVLRQPDUNVDQGDGPLVVLRQ VFRUH6HVVLRQPDUNV DUH FRQVLGHUHG VHSDUDWHO\EHFDXVHQRW WR DYRLG WKH FKDQFH IRU
VWXGHQWVZKRVFRUHGEHWWHULQWKRVHILHOGVRQO\&DOJRULWKP>@LVXVHGWRLPSOHPHQWGHFLVLRQWUHH:RUNLQJRI
WKHDOJRULWKPLVDVIROORZV

z 'HFLVLRQWUHHLVDFODVVLILHUUHVHPEOHVDWUHHVWUXFWXUH
'HFLVLRQ QRGH GHQRWH D WHVW RQ D VLQJOH DWWULEXWH /HDI QRGH VSHFLI\ WKH YDOXH RI WKH WDUJHW
DWWULEXWH%UDQFKVSOLWRIDWWULEXWH3DWKDGLVMXQFWLRQRIWHVWWRPDNHWKHILQDOGHFLVLRQ

z '7FODVVLILHVLQVWDQFHVE\VWDUWLQJIURPWKHURRWQRGHRIWKHWUHHDQGPRYLQJWRZDUGVWKHOHDIQRGH

)RU WKH ZRUNLQJ RI GHFLVLRQ WUHH ' WKH GDWD SDUWLWLRQ DWWULEXWHBOLVW VHW RI VHOHFWHG DWWULEXWHV DQG
DWWULEXWHBVHOHFWLRQBPHWKRG DUH UHTXLUHG DV LQSXW $WWULEXWHBVHOHFWLRQBPHWKRG LV D SURFHGXUH WR GHWHUPLQH WKH
VSOLWWLQJ FULWHULRQ WKDW ³EHVW´ SDUWLWLRQV WKH GDWD WXSOHV LQWR VHSDUDWH FODVVHV 7KLV FULWHULRQ FRQVLVWV RI D
VSOLWWLQJBDWWULEXWHHLWKHUDVSOLWSRLQWRUVSOLWWLQJVXEVHW

7KHWUHHVWDUWVDVDVLQJOHQRGH1WKHURRWQRGH,IWKHWXSOHVLQ'DUHRIWKHVDPHFODVV&WKHQWKHSDWKUHWXUQVD
OHDIQRGHODEHOHGZLWKFODVV&,IDWWULEXWHBOLVWLVHPSW\WKHQWKHSDWKUHWXUQVDOHDIQRGHZLWKWKHPDMRULW\FODVVLQ
' 2WKHUZLVH WKH DOJRULWKP FDOOV DWWULEXWHBVHOHFWLRQBPHWKRG WR GHWHUPLQH WKH VSOLWWLQJ FULWHULRQ $WWULEXWH ZLWK
KLJKHVWLQIRUPDWLRQDOJDLQLVVHOHFWHGDVVSOLWWLQJDWWULEXWH7KHQRGH1LVODEHOHGZLWKWKHVSOLWWLQJFULWHULRQZKLFK
ZRUNVDVDWHVWDWWKHQRGH$EUDQFKFRPHVIURPQRGH1IRUHDFKRIWKHRXWFRPHVRIWKHVSOLWWLQJFULWHULRQ/HWWKH
VSOLWWLQJDWWULEXWHEH6S$WKHQLI6S$LVGLVFUHWHYDOXHGWKHQRQHEUDQFKLVJURZQIRUHDFKNQRZQYDOXHRI6S$LI
6S$LVFRQWLQXRXVYDOXHGWKHQWZREUDQFKHVDUHJURZQFRUUHVSRQGLQJWR6S$ VSOLWSRLQWDQG6S$!VSOLWSRLQW
DQGLI6S$LVGLVFUHWHYDOXHGDQGDELQDU\WUHHLVSURGXFHGWKHQWKHWHVWLVRIWKHIRUP6S$DQHOHPHQWRI6DZKHUH
6DLVWKHVSOLWWLQJVXEVHWIRU6S$7KHVDPHSURFHVVUHFXUVLYHO\DSSOLHGWRIRUPDGHFLVLRQWUHHIRUWKHWXSOHVDWHDFK
UHVXOWLQJSDUWLWLRQ ,I DQ\RI WKH WHUPLQDWLQJ FRQGLWLRQV OLNH DOO WXSOHV LQ SDUWLWLRQ'EHORQJV WR VDPH FODVV RU QR
UHPDLQLQJ DWWULEXWHV WR SDUWLWLRQ WKH WXSOHV RU QR WXSOHV IRU D JLYHQ EUDQFK LV WUXH WKH UHFXUVLYH SDUWLWLRQLQJ LV
VWRSSHG7KXVWKHUHVXOWLQJGHFLVLRQWUHHLVUHWXUQHGDVRXWSXW

7KH)*$LQ>@KDV WZRFRPSXWDWLRQDOHOHPHQWV WKDWZRUN WRJHWKHU7KH*HQHWLF$OJRULWKP*$DQG)X]]\
)LWQHVV)LQGHU)))7KHZRUNLQJLVVKRZQLQ)LJXUH

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)LJ)X]]\*HQHWLF$OJRULWKPZRUNLQJ
5HVXOWVDQG$QDO\VLV
,Q'7SUHGHILQHGVWULFWGHFLVLRQVDUHIROORZHGVRVWXGHQWVDWWKHEDUULHURIVXFFHVVZLOOEHLGHQWLILHGDVDWULVN
6RLQOHFWXUHU¶VSRLQWRIYLHZDYHUDJHOHYHOVWXGHQWVZLOODOVREHXQGHUWKHFDUHRIH[SHUWV6RLQWKHILQDOH[DPVD
JRRGUHVXOWFDQEHH[SHFWHG,Q)*$DVWXGHQWKDYLQJDORZVFRUHLQVRPHDWWULEXWHVKDYHDFKDQFHWREHDWVDIHGXH
WKHKLJKVFRUHDWWDLQHGIURPRWKHUDWWULEXWHVZKLFKPDNHVWXGHQWVFRPIRUWDEOH$ORQJWKHJUDSKWKHOLVWRIVWXGHQWV
DQGWKHLUVWDWXVZLOOEHGLVSOD\HG&RPSDQLHVFDQVHDUFKVWXGHQWVDFFRUGLQJWRWKHLUUHTXLUHPHQWDQGWKHOLVWRIVDIH
VWXGHQWVZKRDUHH[SHUW LQ WKHLU ILHOGZLOOEHGLVSOD\HG)ROORZLQJ)LJXUHDQG)LJXUHDUH WKH UHVXOWLQJJUDSKV
REWDLQHGDIWHUDSSO\LQJ'7DOJRULWKPDQG)*$IRUVXEMHFW¶VPDWKHPDWLFVDQGELJGDWDIRUEDFKHORU¶VDQGPDVWHU¶V
GHJUHHUHVSHFWLYHO\


)LJ3UHGLFWLRQRIPDWKHPDWLFVUHVXOW

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
)LJ3UHGLFWLRQRIELJGDWDUHVXOW
&RQFOXVLRQ
3UHGLFWLRQ RI VWXGHQW¶V DFDGHPLF SHUIRUPDQFH LQ EDFKHORU¶V DQGPDVWHU¶V GHJUHH IRU HDFK VXEMHFW ZDV GRQH
LQGHSHQGHQWO\XVLQJGHFLVLRQWUHHDOJRULWKPDQGIX]]\JHQHWLFDOJRULWKP5HVXOWVIURPGHFLVLRQWUHHDOJRULWKPPDGH
PRUH VWXGHQWV DW ULVN FODVVZKLFKPDNHV OHFWXUHUV D GHFLVLRQ WR WDNHPRUH FDUH IRU WKRVH VWXGHQWV7KDWKHOSV WR
H[SHFWDEHWWHUDQGDOPRVWFHQWSHUFHQWUHVXOWVIURPWKHILQDOH[DPV5HVXOWVIURPIX]]\JHQHWLFDOJRULWKPJLYHPRUH
SDVVHGVWXGHQWVEHFDXVHRIFRQVLGHULQJ WKRVHZKRDUH LQEHWZHHQULVNDQGVDIH WRVDIHVWDWH WKDWJLYHVVWXGHQWVD
PHQWDO VDWLVIDFWLRQ %XW WKH OHFWXUHUV ZLOO WDNH DWWHQWLRQ RQ WKHP LQGLUHFWO\ 6R D IULHQGO\ HQYLURQPHQW ZLOO EH
FUHDWHG LQEHWZHHQ OHFWXUHUVDQGVWXGHQWV$OVRH[SHUW VWXGHQWVZLOOEH UHFUXLWHGE\ UHSXWHGFRPSDQLHV WKDWPDNH
VWXGHQW¶VIXWXUHVHFXUH6WXGHQW¶VHDUO\UHFUXLWPHQWWRFRPSDQLHVEULQJVERWKWKHLQVWLWXWLRQDQGVWXGHQWVWRSUHVWLJH
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